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Abstract 
The article presents a process of deflection eliminating (rectification) a vertically deflected 11-storey residential building consisting of 
two segments. Rectification consisted of tearing the building at the level where the prefabricated construction was resting on the 
monolithic foundation ribs and then of lifting the part of the building situated too low. The building corner situated lowest was raised by 
572 mm. Rectification, carried out by means of 50 membrane jacks, restored the building's full functionality. The article presents also 
results of numerical investigations. Investigations were performed for two possible schema of the floors‘ work. 
 
© 2013 The Authors. Published by Elsevier Ltd. 
Selection and peer-review under responsibility of the Vilnius Gediminas Technical University. 
 
Keywords: deflected buildings; deflection eliminating; surface deformation. 
1. Introduction 
Bituminous coal mining in Poland is winning coal on the area of 2000 km
2. It is mostly a densely populated and 
urbanised area. About 12 000 buildings are damaged each year in the Upper-Silesian Industrial District [1-2]. Mining 
exploitation results in surface deformation – deformation of a continuous character [3]. The deformations are represented by 
a number of parameters. The most essential of them influencing the mining area buildings are: strain, mining subsidence, 
deflection, curvature [2]. 
The development of building prevention and also the correctly performed overhauls made it possible to manage all of 
those parameters but deflection. Due to its special character, deflection has always been a problem difficult to solve. 
Methods of eliminating deflections can be divided into two groups [4]. The first one consists in ground removal from 
under the part of the building which is placed higher [5] (Fig. 1a), the other one - in lifting with the help of jacks [6], 
see Fig. 1b.  
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Fig.1. Methods of buildings rectifications: (a) ground removal; (b) lifting 
 
The paper presents process of rectification with the help of jacks in case of deflected 11-storey vertically deflected 
residential building. 
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2. Building description 
The building being rectificated is a residential large-panel “Fabud T” system building consisting of two segments. The 
segments were deflected by up to 27 mm/m, see Fig. 2. The high of the building is 32 m, see Fig. 3 
 
Fig. 2. Deflection of segments, the set displacements of corners 
The building’s transverse load-bearing walls are within the axis spacing of 6.0, 4.8, 3.6 and 2.4 m (see Fig. 9). The floor 
slabs 6 m spanning, are 14 cm thick prestressed concrete elements. The other floor slabs are fabricated as reinforced 
concrete, prefabricated 14 cm thick slabs. The transverse load-bearing walls, curtain sidewalls, as well as an internal 
stiffening wall at the ground floor were made as 20 cm thick reinforced concrete prefabricated elements. A reinforcement of 
vertical joints between the adjacent wall panels is made of ∅ 16 mm loops provided from prefabricated elements and a 
vertical reinforcement is represented by ∅ 20 mm bars. The transverse load-bearing walls of the repeating stories are made 
of 15 cm thick prefabricated reinforced concrete elements. The lateral external bearing walls are made of 30 cm thick three-
layer wall elements (a 15 cm concrete bearing layer, 4 cm of mineral wool, a 6 cm facade layer, the walls are heat insulated 
with 5 cm of mineral wool on a wooden grating). The curtain sidewalls are also made as three-layer walls (a 12 cm concrete 
bearing layer, 4 cm of mineral wool, a 6 cm facade layer, the walls are heat insulated with 5 cm of mineral wool on a 
wooden grating). 
Fig. 3.Cross-section of the rectified building: 1 – foundation plate; 2 – foundation rib; 3 – foundation rib extension;  
4 – a wall opening of 600×220 mm, 5 – [200 
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The partition walls of the repeating stories are made of 7 cm thick one-layer reinforced concrete panels and the elevator 
shaft walls are made of prefabricated 10 cm thick elements. 
The building is founded on a 60 cm thick foundation plate with a 60 cm high and 30 cm wide foundation rib, see Fig. 3. 
Reinforcement is provided in the foundation ribs, joined with ∅ 20 bars arranged in vertical joints. The prefabricated 
ground floor walls are rested on the ribs. 
3. Rectification technology 
A system of membrane jacks was used for performing the rectification. The system's jacks feature a diameter of 520 mm, 
the initial height of 60 mm, and the working range of 60 mm. Oil pressure in the jacks during work is up to 13 MPa. 
The membrane jacks were placed in a wall openings made in the ground floor (see Fig. 3), in the location where the wall 
panels are rested upon the foundation ribs. Due to the width of the ribs (300 mm), it was necessary to extend them in order 
to rest the jacks fully on the part of the building remaining in the ground. For this reason the foundation ribs were extended 
using concrete blocks rested on the foundation plate, see Fig. 3. It was ensured that the jacks are rested on the part of the 
building being rectified by reinforcing the building walls. 
The building walls were strengthened with a system of two [200 channel bars positioned horizontally at the both sides of 
the walls and joined with the walls as shown in Fig. 4. 
Fig. 4. Example of a strengthening of the ground floor walls: 1 – foundation plate; 2 - foundation rib; 3 - foundation rib extension; 4 – a wall opening of 
600×220 mm; 5 –[200, 6 –∅ 25 mm, 7 – plate 500×10/500; 8 – ⎣ 75×75×7;9 –plate 150×10/150 
The dilatation walls were strengthened similar to the walls other than the dilatation, however, only one horizontal 200 
channel bar was used along the wall from inside the building (Fig. 5a). In case of dilatation walls additional vertical 
strengthened elements were used – two (Fig. 5a) or one (Fig. 5b) [200 channel bars 2000 mm long situated vertically, 
perpendicular to horizontal bar. The channel bars were joined with the wall panels of the ground floor by means of 
∅ 25 mm bars spaced every 300 mm. 
The strengthening of the bearing walls were joined in the corners with the 7537537 angle sections welded to [200 webs 
and to triangular 150310/150 mm thick plates welded to the top flanges of the reinforcement, see Fig. 4. 
A force was transmitted from a jack onto the walls' strengthening construction and onto the ground floor wall panels 
through 500310/500 mm plates. Ribs made of angle sections were mounted in [200 channel barsin the place where a force is 
transmitted from the jacks. 
The elevator shaft was rectified along with the entire segment to which is was connected with a strengthening 
construction in form of a system of channel bars encompassing the elevator shaft and transmitting a load onto the ground 
floor wall panels. All the shaft walls were strengthened identically as the ground floor bearing walls not being 
dilatation walls. 
Prior to commencing rectification, all the window openings in the ground floor walls were bricked up and steel frames 
made of rolled sections were mounted in the door openings, see Fig. 6. All the partitions walls of the ground floor were 
dismantled for the duration of rectification. 
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Fig. 5. Strengthening of dilatation walls: (a) sketch 5 – [200, 6 – ∅ 25 mm, 7 – pl 500×10/500, 8 – ⎣ 75×75×7, 10 – pl 256×10/370, 11 – 
pl 200×10/256, 12 – pl 50×10/50, 13 – bl 50×10/500; (b) strengthening view 
 
The structure’s rectification was carried out in five cycles with each segment being lifted unevenly. Depending on the 
position of the jacks, wooden shims were inserted several times underneath some of them whenever the working range of a 
pair of jacks came to an end (two jacks, one onto another, were arranged in the case described to increase the working 
range – Fig. 5a). No shims had to be provided for some of the jacks in the segment part situated uppermost. 
Once the segment was lifted (Fig. 7a), restoration began of the cut reinforcement joining the foundation walls with the 
vertical joints of the walls (Fig. 7c), then concrete was poured into a gap between the foundation ribs and the ground floor 
walls (Fig. 7b) and floors and partition walls were restored. The works described have restored the building’s full 
functionality. No damages to the building occurred during straightening. The only thing that remained after straightening is 
that the neighbouring segments are displacing in relation to each other vertically, see Fig. 7d. The picture on Fig 7e presents 
situation, when the segment on the left is already rectificated and the segment on the wright is still deflected. The picture on 
Fig 7f presents two segments after rectification. 
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(b) 
Fig. 6.Reinforcement of wall opening: (a) sketch; (b) strengthening view 
The rectification of the residential building in question was, apart from the technical aspects discussed above, a difficult 
logistic task. The residents stayed in the building during rectification and traffic routes had to be arranged for them and the 
residents' safety ensured. As all the partition walls on the ground floor had to be demolished, the belongings carried out 
from the ground floor had to be stored safely. Containers watched on a 24/7 basis were placed outside the building where 
the residents were collecting their belongings stored on the ground floor up till then. Fig. 8 shows a site plan around the two 
rectified segments. The straightened building is located in Katowice, ul. Ossowskiego 28, 28a. Rectification was performed 
by MPL Katowice (Katowice, ul. Roździeńskiego 188) and the author of this article is a designer of the rectification. 
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(a)  (b)  
(c)  (d)  
(e)  (f)  
Fig. 7. Segment rectification: (a) segment during rectification;(b) filling the resultant void with concrete; (c) adding a reinforcement of a vertical joint; 
(d) relative displacement of segments as a consequence of rectification; (e) the segment on the left is in the vertical position, the segment on the right 
prepared for rectification; (f) segments after rectification 
 
Fig. 8.The site: 1 – a 12×6 m zone closed periodically (for the duration of dilatation cover dismantling and mounting); 2 – access to the building;  
3 – storage containers for residents; 4 – site's staff welfare facilities; 5 – temporary road; 6 – material storage yard; 7 – site fencing;  
8 – access to the site; 9 – pump station, central unit 
4. Designing of rectification  
A schema of the building’s static work was being changed during rectification. A load from the building walls, unlike in 
normal use, was transmitted onto the foundation not in form of a linear load, but in form of concentrated forces. For this 
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reason it was required to verify, by calculations, the limit conditions of load bearing capacity of the selected fragments of 
the building, foundations and substrate. One aspect of designing the rectification is presented below – calculation reactions 
transmitted from jacks on lifted up part of the building. A segment with a ground floor plan view shown in Fig. 9 was used 
for a calculation analysis. 
 
Fig. 9. View of the ground floor bearing walls. Subsequent numbers stand for initial arrangement of jacks on the ground floor level 
I was assumed - based on an approximate, estimated mass of the building (1 m3 of the building mass was estimated at 
450 kg) and an average force in the jack of 640 kN - that the building’s rectification would be carried out using 50 jacks. 
The initial arrangement of the jacks on the ground floor is presented in Fig. 9. 
An essential problem in this design phase was, therefore, to determine calculation force values in the jacks and these 
were determined by using two possible schema of the floors‘ work [7], see Fig. 10. 
It was assumed in the first schema that the floors of all the stories are rested on transverse load-bearing wallsmarked in 
Fig. 9 with the axes: 1, 2, 3, 4, 5, 6, 7. 
 
 
 
 
 
 
 
(a) (b) 
Fig. 10. The assumed working patterns of floors: (a) first schema; (b) second schema 
An assumption was made in the second schema that a load is transmitted both, onto transverse load-bearing walls, as well 
as on the sidewalls. The actual work of the floors used in the building discussed is found in a group of solutions with their 
greatest lower bounds and least upper bounds being the schemas assumed. 
The current software allows to generate a spatial model of an entire 11-storey building structure (Fig. 10a), together with 
assuming a solid model of the foundation and with the modelling of substrate layers. An approach is discussed below 
wherein a model of only first two building stories is analysed (Fig. 11b, c) and where the reliable modelling of the walls’ 
strengthening is provided (Fig. 11d, e). The model does not include the impact of substrate interaction and jacks are 
provided as pivot props rested on a rigid substrate. A vertical load deriving from the weight of the individual stories is next 
applied at the level of the top edges of the walls and floors of this model.  
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(e) 
Fig. 11. Building structure model (a, b, c, d, e description in the text) 
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The basic combination of loads, in the limit load bearing capacity state, taking into account the loads simultaneity factor 
for variable loads, was performed according to [8]. 
Calculation values of loads on the floors applied to the top edges of the storey walls and to the floor above a storey are 
given in Table 1. In the first schema, the transverse load-bearing walls bear their own weight and a reaction of all the floors, 
while the sidewalls bear their own weight only. In the second schema, both, the lateral walls and sidewalls bear their own 
weight and loads from the floors of the subsequent stories. 
It is distinctive for the second calculation schema (Fig. 12) that much lower forces are observed in joints in the corners 
than in the first schema. This phenomenon is a consequence of the assumed, bidirectional work of the floors [7]. 
A sum of reactions in rectification joints in the first calculation pattern is 33 823 kN, and 33 763 kN in the other one. A 
difference in the values stems from roundings made when summing the loads. 
The values of forces produced in the jacks are influenced, apart from their own and useful weight, by a building's 
deflection, wind load and also, which is very important in mining areas, a load caused by mining quakes. 
 
Fig. 12.Reactions in the jacks depending on the working schema of floors 
                                                           Table 1. Calculation values of loads transmitted onto the ground floor walls, kN/m 
Wall in axis  
(per Fig. 8). 
Load in the first pattern 
(one-directional work of 
floors assumed) 
Load in the second pattern 
(bidirectional work of 
floors assumed) 
A 129.0 129.0 
B 109.9 109.9 
C 129.0 129.0 
1/A - B 358.7 195.0 
1/B - C 474.2 195.0 
2 437 109.9 
3 504.7 109.9 
4 552.8 109.9 
5 418.4 109.9 
6/A - B 668.4 109.9 
6/B - C 464.7 109.9 
7 474.2 195.0 
elevator shank 104.2 104.2 
5. Conclusions 
Presented rectification of 11-storey vertically deflected residential building let quickly and faultlessly eliminate mining 
damage effects such as building deflection, thus preventing them from being demolished or collapsing. 
The rectification process is cost-effective both from the economical and the social point of view. 
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Reactions transmitted from jacks on lifted up part of the building were calculated using two possible schemas of the 
floors‘ work. The first schema assumed that the floors of all the stories are rested on transverse load-bearing walls. The 
second schema assumed that a load is transmitted both, onto transverse load-bearing walls, as well as on the sidewalls. The 
sum of reactions in jacks in two schemas was of course the same, but higher values in single jack were obtained in 
second schema. 
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